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(57) Abstract 

PROBLEM TO BE SOLVED: To provide an FRAM device 
which is advantageous to integration, and to provide a 
method manufacturing the FRAM device. 

SOLUTION: This FRAM device comprises a plurality of unit 
cells arranged in row and column directions, the 
above-mentioned column direction is made to correspond 
to a bit line. The unit cells are composed of the drain 
region 576 coupled to the above-mentioned bit line, a 
transistor including the gate electrode 55 coupled to 
the above-mentioned word line and the ferro dielectric 
capacitor comprising the upper plate electrode 67a, 
coupled to the source region 57a of the transistor, a 
ferrodielectric film 65a and a lower plate electrode 
63a. The lower plate electrode 63a is used in common to 
the lower plate electrode 63a of the adjacent unit cell, 
and the lower plate electrode 63a of the adjacent unit 
eel is coupled to the plate ine in row direction. 
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' [W«F»#<0I8H] 
IB5»J* ffli:^h7'f> tc*f JEE 5 FRAMES tc H T . 

* tWB¥ffi-fe ;u«bu13 tca^ s ft & k u -r > 
«*fc*rffi»7- K9>f >icaassnfcy- mis 2: £3- 
& h 5 > y ^ # fc, Buta h ^ > * y 

MES J: »J fc * - V 5/ * T*«iJ£ $ ft, 

> IC^M $ ft & 3 £ <&m £ i" « FRAMES, 
C«^«2] ff&lf5K*SltciWfaftfe«aR©#ffi-fe 

saw* ft « V H 5 f > lC*ft5 -t 5 FRAMES IZ&^T. 

M^suia?- K9>f >icaagsftfcy- hmst 

to h 9 > * 2:. atrfB h 9 > * © y-*«*ic3t 
*S£ft, JiW^lz-hWi. MlMtfWR&tfTff^l/- 20 
l» «K J: U fc S 3£f§S#3f r 2/ * T»*fifc3 ft, 
buIB#&1z;1/©TSS? , I'- h«®iBHR"rs*ffi-fe;K© 
T»^i/- h«*82:#;&$ft, «WB*ffi-fe;i/&tflWSl/ 

Sr-T* ' £ Sr#®c2l-f SFRAM^So 

vrti/ 9 £ -etwtaftfc 2: H5iH#S-fe;b 2:«jft 

*##»R©tSftlR«±fc»j3tatu 4*-h«H> V- 30 
xM&RTf K u-f >««t?«j«S ftfc h 9 > * * 2:, 

«2©*{fc-fe;i/«:ft#U ^b- h5-f >2:**g3ftfe 
#»E < ft fe3ftMttfl&''t * - > , 

awaasrafl*-** - >±»cjg*aftfc3ii»«fls* * *t 

i/9<Z>±M'7l' — bWM£. 40 

U- h«I«:«3**?if:/yjl2:, 
flM3y-*««2:Jb»^l/- httH2:&tl£-f SBSMUI 
A/T?fc* £ £ SrtM»fc-f SFRAHSM. 
[tt#*4] IWBKb-f h9-f >fcit» 

Sft^ifcft^fc-t* fff#«3{CiB® ©FRAMj&g. 

tts±tcj^jataftfc4fcM^y K{ca«aft6ii:&4#a 

i:t--2>a*«3tClB^©FRAMigSo 
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ttlitt, &;»R, ««1£gMbK£&tt&MR-#tt1£Ift 

«K-^«tt©*»T«fltafta ' -r s»# 

i£3ICfBtt<Z>FRAM£B. 

[»**7] IWB&MRttPtTfllfifcU SafB^m-tti? 
fbRttRe0 2 , Ru0 2 g fetiMoOj-CKbaa ftS 3 2: 
f « »*«6 (Cf B«g©FRAMl£§. 

*->*a e ) ^c^fi^aftTv^53i:&#^lS[i:•rs«#« 

3lCia^©FRAM3£fi„ 

T**fiJtaftfe#ffi-fe;i/2:, lulB#fi-tr;ui:«l^llI-T' 
BIS Ufcffi© #ffi-fe;i/*<ff jRtfW^SHClJGRffllBWa ft 
fcFRAM^StCS^T. MfB*&-fe;i/ti, 
4 & *»««®?Stt««±lc^aft,- V- 
XfflltRtf K U-f J: y ft* h 5 > 2>'X * 
ttffB h 5 y 9 <Dj&f£Z ft fe4MIMMfeR©±i5 C^fiJt 
aftfc*lJiPM(MWKi:, 

tWB«i»IHIIftl»BLhK:^aft. #fi-fe;i/2:l»iSUfe 

*52©#&-fe;i/S:&*u ^i/-h9-f >©taflas-rs 

3ft»m#*-vA2/*©TBP^'l/- hUMil, 
3V* < J*«S ft fe3«8mfM!l* * - > 

u - n mm * m *> * v > v m t , 

J: »J i «:W«2: -tSFBAiaSB. 

ftR-£M«©#*-e*WfcSft* ' 2: S:#^[2:i-e»* 
«9tC|B«©FRAM^g 0 

CS#«1 13 lufiB^J»Rl±PtT'«^L, tirffimtt 
^•fbR«Re0 2 , Ru0 2 £ ttMo0 3 T#Wt $ ft -5 3 £ S 
2:f«ll#Jai O (CfB«©FRAM^@ 0 

[ft 1 2 ] MfBTSP^l/- h*S©T»Ki»fflR 
A 9 - y ^ $ P, tCJg^ a ft T V x § 3 £ 21 "f £ It * 
^9tCgB®©FRAMj&a o 

[«#*i3] mii±cy-sm y-^x 
fffia h 5 > y>t * ©»«a ft fc*«#»Rffl±® tfigi 

BufBmiMra.ffiaR±tc»$S-t ;i/ s«t 

S@®2:, 



A 



3 

a<ras£2Misiii&jtR. $i«isn«»R;&tf * * 
srttSBiUTKw>««, y-*««, ±au^u- h* 

WffiBMUR&tf&Jll^'S' K©^j*3ftfelg*tt©£iIiK: 
KfcfcJl«OTfcS£i:&4^i:*-SFRAMM©f^2f 

So 

[f»**i 4] mi±$\tfis- bmmx.x$Tm7\s- 

fbR^«R©#JfT?«j*Sft*£fc&^fc*sSI# 

3l3tC|Btt©FI^tt©3I£BH& 

[it** is] «rE&jnRttPtT?*j»u ifjia^se 

SM fcRKReO^ Ru0 2 * fc &Mo0 3 Tffl&aW -5 3 £ £ ftft £ 

[0**16] tWBT»^l/-h«S*^SK'tSt!HC 
ttffBTSP^ U- h««©T»K:H«R^ * - > £ $ 

Mtsi i: £#&£-T 5!it**i3icfEiK©FRAMgjg© 

rat** 1 7 ] ±{c^- h mm. v - x& 

tufa h 5 > * ffljgrt S ttfc¥*#JS«©£igK:«i 
Jf IBHeiHR i: , 

fufa^i®O^K±icpg-r5#fi-fe;i/iift^b, 7 

Gi©&s§m#RA-*->2&.tf±gis7i/- h 
lawatflt&jgia-rsaPBi:. 

IJgaa > * * h*-;WC&«R£7£j£LTiiufa K l/-f > 
i: v-^flR««:jtfifr*BaMI«:»«"r*«iei: S:^ 
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T*&53£5: & FRAM§gS©8&t#?£. 

[»** i 8] sfjfa±sp^i^- h«*&tfT»7u- 

<m-±mm<D&m x^^^^t^nrnt-t^m^. 
*i7tcE*©FRAi@s«©»ai#is. 

StffcRfiReOg, Ru0 2 4 ttiMo0 3 T'^i-5 Zl t €rW«fc 
t50**18tCfa«c^)FRAM^g<©^^So 
[»*«2 0] IWBT3ls^l/-h««S:J^J«"rs«rK: 

io MiaTSP^i/- h«s©T«»c«taRA*->sse)jc 
^-r s z: i: s:»ai: -r sat#5ii7icjE<R©FRAmEK<z) 

[000 1] 

mmam-tz&ffi&m »¥*#£«&#*© 

WfijMSCflR U , 4SK*«*bC#fa*M«fl*AM(Ferr 
oelectric RAM : FRAM)Mfttf ^©aEiStffieiCBB"*-*. 
[0 0 0 2] 

^ftWffiM (Spontaneous Polarization Phenomenon) S: 
JBV^fcfflTa&oT, EPROMifeMSEPROMtCjfc'STRHi/ 

nmfo* ^ >j m^ram© £ e> izm-MMS-x-mtuR 

XPBjh»ftififf*. S © T% 5£S§*#RAM (FRAM) £ 

[0003] SffiaFRAM^gtt#fi:-fe;i/G)«l^il^{cfS;D 

30 mztf- htmmt.Lxii£m-t&— v5y*j*9~Q 

ffl -t Z - o © -fe ;b ^ A 5/ * 7» $ *i fe * © T? & 5 c 
ZIZIT*, l5#©FRAM^gtt^-v>^;i/fI^c©i/'J n>S 
Si:>y- h«fi»«©3fiSHI«K4:©IH©|jiBiJCS/U 3> 

JtRdattice constant)©^* fe«^S5B^©MtC J: 

40 5„ S^oT, Sifi{Ctim#©FRAMigg, HP*»DRAM-fe;U^ 
JS^R-3fc«3tS:*L35fc*i«e>-fe^*-v^S/dt©««Ri: 

[0 0 0 4] Hlttt£*©S*»CJ:«FRAiag*ffl*f£-fe 
^JC#"r*B»HT?*6. FRAM|gg©#fir-fe 

S*U V-^««Stt3iSI«#*ir^S/*C©loffl«S 
lCil^$4xS„ »»m#*irA2/*C©«l©«»i^l/ 

50 - h >P/L{C)*je$tlS. 



o 
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[0 0 0 5] ®2tetifefe©&tf5lCJ:5FRAMIgB©iiMa-fe 

MzM-rzmwm-z&z. ^©fram^s© 

««&tf#tSttffi«(:7 -r Kffi«) S:K*r * 7 - 
;u KBMbBt3fc-£<&. ^fStt«tt©m£««©-t»tc 
MMfcK5K: J: yMatiTJgJfcafifcy- N««7 

tfjaaanrns. mis.?- hWKr<Dmm<Dt£&m& 
«*xr«WB K >««n<7)ifffilH«S:atms*r«r 

IH^- S«S7fttfaWB7-f Kttffc«3fc«-5#1* 

iai8»Ri3^fiits nr v * * . 

[0 0 0 6] «Way-X«*9t|»«5Ufc7-f-JbK» 
^[J»±©#lJBI8IiWB«13©m««^K:Pt«J: »J J&ST 

m^lSifCPZKPbZrJij^Oa) <fc y &«&Mftfl)Cl7tf 
yjtma*ife3fi9Mi*M!tl7«:«2j*IKia-e«^JIlKJ: y 

fcs±»^u-h«S2i*mitaftT^s. mmmrnz 

ftfc K U>f >IH«llS:«-5 If y h 9>f >23jWBjaa*iT 
tWB*l&tf*2JiBI3l8»Btl3, 19i:UTBPSG(bor 
ophos phos ilicate gl as s) R;W£ < fl! V ^ 4% £ <■ 

[0 0 0 7] f Lt, tm¥-bWm, KU-f >«R*1 
U &tfy-*««19tt7*1z*h5>$>;**«:*fifc 

-7\s-hWSfcm**rtS/*czm&ir&. tufa 

TWWSl5ttHlffl'7l<'- h5-f >P/Lffl«fBS:U 1513 
[0 0 0 8] 

■5 J5fe(i£*(Z>FRAlQSfllW:Jjlffi-fe;i/a y — #©:/ U- N 5-f 
[0 0 0 9] 

5fcft©2|s;fgtB©FRAM^gtt, ffjfttfJ«*ie»ClJ5!fa*i 

fctt»©*ffi-6;i/T?*j»a*u ffffa^ieitic- k^w 

E*ffi-fe;i/titWE^v h9*>»cs«fFaftfcKW>flR 
JKfcttsaa- K9-*> causa tifcy- uttfe^tt 

an. ±«^i/-i»m«L ssasmfMERtfTap^b-h 
mn«fc y fc*itsMW***>ts/*"r*rataft*. 

[0 0 10] ^tc, l5ia*(a-fe;i/©TS15^ , U'- hSllti 
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i»aLfc*fi[-fevb©T»^ , i/- hmsfcjft^aft. tufa 

[0 0 11] #$gl93<Z>FRAM^att-otf> 
x * £: - o © ttMff: * -v y tS/ # T»«Wt a ti ;i/ 

^atffr*rati«RflnE^jan*. sutH#fiz-fe;i/«^ 
*»»R©fStt««-hK:»fi!ianTy- him* v-* 

10 ««2fctf h*W yW& i y * S h 9 y V* * £ , HtffE h 

5 > * ©^*an£¥##g«©±®tc^a 4%£ 

S5lJfH»HMJI«:£'&. -tUT. IMBflSlSniHSltOLktc 

jgrta*irmffi-b;i/iii«ljfL/fefS2©#ffi-fe;bS:«*f 
5 ^ -v a° £/#© T3P 1/ - l-m^i:, tWBTW 

anfe3ftB6*fWRA4f->i:, mBami#m**-> 

[0 0 12] -eUT, ByfB.tap^U'- hm^. 
20 Vtrt9-2/R&-F&-7l'- bmm*:W.O*r J ry£y?m 

mtz&tio mmrm^\y-him^iy-h9^yt 
^t-sfc«?>©*^^©FRAMisg©ig^^?s{±. ^v^ie 

»SS:»«Lfc*, HafBTSP^^-hmmiitCBfffBTSP 
^"U- hS^<fc y/MI©§£iiS#lgA-#->&ULhSP^ 

[0013] swB*-wfcr>yji©je«a*ifciBjftw© 

^iB»C«2JBiai(8l»KS:«fiRi-*. iufBH2Sr^iie^lS, 

ffiMiaiMMWiiatjf* - w e > snail L T K u -f > 
40 mm*:*-7y'?z>%iiny*>7hfc-)\sZBf8.-?z>. 

>f >fiigci:ii^anfetr>y yt. mi±Mzfv- 
- hm^^atife^Ay Ks»«i-s. buIb^m 

[0 0 14] 

50 [|8qa©HM©m] K*T, ^#atifeH®{cS^§* 
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;$§IE£!£L<I$il9§-f 5„ EI3li*?§^fCJ:SFRANiga(7) 
ISS&EIT'fe-So EI3&#Rrffttf. #38f9!©FRAMg£Sti: 
-oOT&fiSti^rAS/^C^-o© S <fc »J 

f§®#=*A'>'\ , S/*C©±gP:7U- h«Hih5>S?** 
. ©v-^Sic&igaft, KrfBN^>^x^(D^- hm^S 

[0 0 15] #tc. #$8gi©FRAMi£att-o©iji&iz;i/ 10 
31afc»»bJUlMffi-fe;i/31b©Tffl7l/- htMA'MS 
ftTfcy, ^u- h5-Y>P/Li::aaS3*iTv*5. ift 

^tl^TSPyu- hWitf^U- h^-f >KU«g3ftT 

fufB&*£ft£TSP7l'- h*<I#:7l/- 
-Y >©«W&i-a**»ffi#*. 
[0 0 l 6 J H4M*Si8©-*5S©J!aiRi:bT5*bfeF 
RAMUS'?) U-f 7? h®T'S>-2>, 04£#HB-rfttf, #58 

«41 Jl* ft e>ffi2Wf CUM 3 ftfc-*f© "7 

- K5>f >W/Lfc. tWB— **©?- K9>f >»/LlC <fc y# 
f!lSnfc3o©fgtt««41©i t>-*f©>7- K5-f >»/L 
© H3©tStt1H«4l IC a ft fe K U >f > ««D h , ttffB 

K^-f >w/Li;ti:3£-r.5*rfii(cBHSStifetr«y 

>B/LSr-^t?. lit, SWB^-F^-f^B/Ltt^-h 

^*e*T?K-tr>ya*v*. *br, c-f^-ow/ 30 
b i*r©v-.xlH«s. xtf^Kb>r>iH«DttittaF 

tc&M£ft£-o© h9>2>**&*jau sfflH— o© 

h 9 > y * * liHuta k u w >ir*d s: ft^-r s . 

[0 0 17] 9WK£, #»B©FRAMl6«ttV-*HBttS 
4:B«Rbfe#?Stt*«±K:»fiRanfeT»^b- 
43ai:, tWaT»^'b-h«!S43a±lCJgj«a*ifc3ft9S* 

V-*ff^SfcK^Ji44£T*^5ft5-h957U- h® 
«45J:yfcS!MMM**-*/*2'*fc'£tf. Wc, ®4fC 
^bfe#»«©»*«#*^yKW*«l^^bfcJ: 40 

o©#fi-b;i/47ai:Slgbfe#fi-fe;i/47b©TSP^b- h 

m&43ajy a * sntfiy, itriaTSP :/ u - f m^43ati 

y , *f§^©FRAM^attSe*©3£^«^FRAM^SlCj:t^ 

TW*SBHfcK:;tffl.lT?*<6. 
[0 0 18] |g5ttE4©V-V*8&C&ofcfC<J:SFRAM!£S 

©»T®igT'feS. H5S^fla-tAtf. ##§BJ!©FRAMl£a 
M:PS!¥aMM6*5lK:7<f Fttfcfli53K,fc y«£3 
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h«ffii:IWfcbfe¥»#l£«JCNa©*»*»«: K-f> 
y $ -ttT»fiJtS ftfe V ~ *IH*57a&tf F U -f > ffi«57b 
fc-g-fc. Z.Z.H, flir3W-h*S55tif7- F:?^ >©« 
ffl&U flWBV-*«*57a. Fl/-f >««57b&tW- 
h WS55T? h ^ > £>X * SrflMEfS. 
[00 19] *»WCJ:SFRA«Klttth5>y 

* tws? 4 KBWbK53±KiiWB k u>r >«« 

fe«i*nWfi*BI59fc, tWEV-x««57afclW6bfc« 

i»raia»B!59©j»f je««±tc«»c»fiRs n* tsp^ i/ 

- h@ffi£^#©ft±©£&K^j&$ft£|S?Mlg|/\-# 
->61a**t?. #»IHtt«riBW««^*-->61a 
±fC^$ft£T3P^b-b«M63a£:. tufaTSP^U 

- hmS63a±£tifS5IWBffltA* - >61a&tfTSP^ b- 
h*M63aJ: y /hUlCJgfi&SftfcaSWfMSW - >65a 
&tf±W^U- h»B67aS:-^tf. 

[0 0 2 0] Z.ZX\ lufBTSP^l/- K«^63a, 
mttK/N" * - >65a, Rt5±W^ h m^!67att^fim 
#*-v^2/* feflWt-T*. iWB±3py U- hm^!67aS. 

^MR-^»«ttawfcjR-*«Kffl#Ji"e«fiit b e> s« t«ia 

^Mm«PtT'«^b, |fiia^«'f4SE-ftKttRe0 2 (rhenium 
oxide), Ru0 2 (ruthenium oxide) £ fel£Mo0 3 (molybdenum 
oxide) Z>, 

[0 0 2 1] 9NR£. *l§0J{Ci 5 FRAMES affrRBfffi 
R^dt->61a, TSP^b- hm®63a, IftMfMR^f 
-^eSa&^aJ^l/ - h®i67a$:^&#ibiifffa_t3P 
^b- h«M67aS.OtTSP^b- h*M63a©m^fI^c& 

yj!i69&tf«iif isnMWje9±tcawB v - 

^'««57a. KW>««57b, TSP^ U- r-SWa& 
T>*±aP^"b- hm@67a©m^fI^$:^ffi^S^2SPaim 

•BPifc, «wa«ffls*ifev-xis*57a i Raf±aj-^i/ 

- hMCTaJCje&SSfiTi&IBV -^.fI^c57ai;MfaJi§P 
^ U - h «@67a5: ifi«i-r « iB^^73 i: , ffig 3^ ffi $ ft 
feTSP^b- hS^63alC^^ft^®A>y K75il, 

tufa^ffi^ftfe k w >fla*57bc8asrrsi£y h^-y 

>77S:*to. *«WttliffEaSliJ173. Vf>yh^-f 

>77 J Rtf AJ»/1f K75±{C^$ftTluia^JS^^^ K75 
Sr»ffli-S«3JilBIittlH!P794:. sraEUfflSttfc&fllrt 
v F75{C^aftTlulBTgpyu- hfimeSa^StitSS 
ft-syi/- h5-f >81S:-&t?. 

[0 0 2 2] t¥ot, *#§^©FRAM|g@(S05T'iiWb 
feJ:-5KlM«Mt**'V/<J/*©Tas^b-- h«S63a# 
BK»-r«-fc;u4:**a*iTv\6. ifticty, ^4!© 

;66©^ffii:bT^bfeFRAM|ia©l/-f , Tt7 Mt'SS. 
HBtcfetxT. H4fcR-©«F-&ttWr-©ai»S:^'*'. 

[0 0 2 3] E|6£#iH-fttf, l2I6ttTSP^b- Hm« 
43b©l/-f 7? h#J*fc*IfcfcBfc^Tl*H4i:H--T?» 



# 
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yu- h^-f >P/LT*ifii&£*l,T^£tC/£U 06ii^ 

[00 24] ig|7«EI6(Z)VII-VII^tCf&ofeFRAMigaOT 
»T®EIT'&S. E7tCfe^T. EI54:HC3f*t#*liHt; 

>y K75 £il U T 7 U- h =? -f >8i i: *iT 
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